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The scientific concept of Intelligence has been heavily Influenced by the tech- 
nology of neasurement. In a sense, the variables that we can neasure have oeer 
made the operational definition of Intelligence. This approach contrasts to 
a deductive approach, in which a theory of cognition In general is used to de- 
rive the sort of measuremrnts that must be taken to describe an Individual 's 
cognitive canpetence. The "cognitive science" approach to cognition In general 
can be used as a base theory. The base theory then generates requireijigpj^j 
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on measurements of Individual intelligence that are different from the sorts 
of measures that might be Uken If the purpose of testing Is to predict per 
fonnince In some (ill-defined ) criterion situation. The use of theory-de- 
fined oeasures of individual mental cooipetcnce Is contrasted to the use of 
measures that are justified In terras of their predictive validity. 
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Science, Technolocyi end XntelllQence 
Eerl Hunt 
The University of Uaahlnston 

The Intelllsenco teat hes been olted as psyoholORy • a 
■oat Uportnnt technoIoslQai contribution to aociety. 
Whether thie la sood or ill can be debated (Eyaonck, 1979? 
Kaaln, 197^; Uerrnatein; 1971t Gould, 1901). Certain 
"facta are not really aubject to debate. Paychologi ata can 
and have developed • atandardi red interviews* that, on a 
population basis, provide a coat effective technique for 
peraonnel claaaif Icatlon In ludy^trlal, nilitary, and aoae 
sovcrnnent aettlnsa. However the teata are very far fro« 
perfect Indioatora. Validity coefflcenta between teat^ and 
perforaance ratings typically r.tnse in the .3 to .5 range; 
I.e. froB ten to twenty five percent of the variance In 
perforaance la predictable froM teat scores. While auch 
correlatlona aay be quite hlsh enoush to Justify teatln^ 
In aany altuatlons, there la a nasfilns feelins that better 
teata can be found. 

The popular view la that a technology auat be rooted 
In a science; In this case psychological testa must be 
rooted In a science of Mental coepetence. In fact, the 
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situation 13 not quite that slnple. Psychology has two 

distinct sciences of "•SjiPftSfAVAlVfJCQ'Tfj^ 
study of Inlclligenco (henceforth ' psychoMCtrlcs' (2) la 
cloaely Intertwined with the developaent of testing 
Itaelf. The othof tradition, Cor.nitive Psychology, haa 
hlatorlcally stood apart froa the study of individual 
differences, tet both study the huaan Rind, In the huaan 
brain. A nueber of years ago Chronbach (1957) urged 
psychologists to unite those two disciplines. At one 
level the uniting took place. Cognitive psychologists do 
look at Individual variations, and the techniques of 
Cognitive Psyc^ioloi;y are us3d to study individual 
differences. The resulting research has had rather little 
Influence on the technology of testing. Is this because 
there Is alwaya too long a lag between science and 
technology? Or is chere a deeper reaaon? And If there Is 
a deeper reason, Ja there cauae for alare? Should 
conethlng be done to accelerate the application of new 
scientific flndlnga to psychological technology? 



These quettlons are particularly apt today becauae 
Cocnitive Paychology and a group of reUted diaclpllnea, 
collectively called the "Cognitive Sclencea", are 
perceived aa being extrccaely actlvu intellectually. This 
Is In aarked contrast to psychonetrics, where the 
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<iUttUtlona beiOK debited touay art r.ot tcfrlbly dlfroront 
froib thoa« that wer* debattd ovtr I'll'ty years ar,o (Hunt, 
in prusa). Interoat in the ttch nolof:! ca I potential of tha 
Cor.nitlvo Scl«no«a haa bttn txprvased at aa high a Iuv«l 

thti Offico or the Pru:sident (lioldun, \9UH), Tho 
interest In Cognitive SclL-nco haa a ctrona technoloGical 
blaa. It la hoped that advanoea in the :.tudy of laua of 
cO|>rilLlon uill load to the devtlopnent of a ttohnology ol' 
intelligent aevlcea. Theao devioca uay uxpitnd the powur ol' 
hucan 1 nt el I icenct;. They uay alao expand the efrioiency of 
our aocioty'a very Iari;e pro^rac or Toraal education, 
which ia perciiived .il having aubstantlal defocts. It ia 
logical to belitvtt that the devulopitent oC bettor uethoda 
i&provlne uental uoupotence will be cloaoly linked to 
better Luthoda of evaluatini. cotipetcnce. 

Thia view uay bu too optialstic. The unrrent I'ervor 
In the Cot^nltive Sciences la baaed on re^I chant-^us in our 
viewj or the ulnu. However these chan^ou arc derived I'roc 
thooriua bbout cognition that are *iIi.ost intel lectcul ly 
orthogonal to p^sychooetrl c theories or i dtel I ine nee on 
which Kiodern Intel licence tcstinc is rounded. Previon& 
writers wac. hav« ur^od that psychoucLrlcl Jiu. una 
exi»ericiet.tai pjycl.oIOLl ^ta unlto In their Jtudy or tho 
uind (Chronbach, PjSV; li.J. Jtornuern, I977i Underuocu, 



1975) proposed that th^ personal ability Heasurettents or 
the psychonctrl cl ans be added to the design variables 
aanlpulatod by the cxpcrlnontal 1st s » so that the 
i ntoract 1 ont: between the two could be studied. The lo^lc 
is epitonlzed by the phrase **aptltude troaCuent 
interaction**. The saue logic is round, slightly auted, in 
studies or 'ooc^iitlve correlates' between pay choiaetrlc and 
Cognitive Science noaauros. ( Pel legri no and Glasen 1979)* 
In both cases there is an itipllcit assuuption that 
dlscoverin'i the correlations between i3easur%s that have 
been developed In dirrorent intellectual traditions will 
rurther our understanding in botli riolds. In this paper 
sone Questions will be raised about the approach. Two 
traditions can seldon be rauued together by statlttties. 
What is required is a theoretical synthesis that ruses 
th'^u. ir the synthesis cannot be oade the theories will 
probably co-exist, each covering slightly dirrerent 
doual ns. 

Is tho synthesis or the separate tiieory approach 
appropriate rur the study or individual dirrereuceu in 
cognition? This question can only be answered by 
considering the present :,tatu:} or ttic paychouetric and 
Cognitive Science views or> thd vMaI', u'nd asking wncther 
they are cobpatible. Tni:; question is explored belou. 
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The sort of answer to be exptottd should bo asdo clear* 
It la not t question of one approeoh belnc rScht end one 
belne urons* Hel ther le It a question of technolosy versus 
sclonce* The question is whether paychonetrloa and 
cosnitive science cen be aynthealscd into e aincle view. 
If thtty cant then the technology cen be developed fron a 
unlfcra scientific baais. If Chronbach*8 two 'canps of 
scientific psycholosy* are Inevltebly seperete cenps each 
nay develop its own technology, which Hay be useful for 
different purposes. 

Tin: PXESENT STATUS OP PSTCHOHETRICAL THEORY 

Since its inception psychOHsitri os has been beholden 
to technolocy* Where would test theory be without the 
nuaber two lead pencil, the Mark aense fore, and the 
calculetlns aachlne? The digital coaputer, which ctae 
soaewhet later, really did little acre then ceaent 
intellectual trends that had already developed in response 
to what, collectively, will be celled the "pepcr end 
pencil technology • " 

The peper end pencil technology nado It easy to 
record the products of cognition. Hote the stress on 
product. The peper and pencil technology is at its best 



when large nunbers of fairly short questions are presented 
end Hhen the respondent aust choose froa e fixed set of 
elternetivcs. The paper end pencil technology is not well 
suited to recordinc how a purson chooses the enswers, and 
is worse suited for sltuetlons In which free fora 
resnondlnr. Is required. Perheps aost iaportant, the paper 
end pencil technology eaphesizes counting the totel nunber 
of correct Iteas or. In acre recent appllcetlons, 
datercining the aost difficult Itee that a peraon cen 
consistently aaawer correctly. Thus the conditione of the 
noasureaent procedure rule out observetion of soae 
psycholonlcally interesting behavior, and no .mount of 
theorising cen put thea back in. 

The pajicr end pencil testing process hes else been 
influenced by the econoaic constraints lapoaed on 
personnel eveluatlon, largely in gilitery and educational 
settings. Deceuse the test has been thought of as a 
one-tine only aeesure on which to bese e long tera 
prediction of e veguely specified criterion, nrtet stress 
has been laid on acasurina traits that ere stable over 
repeated test adalnistrations. Indeed, In aeny 
discussions of testing the correlations between test 
scores taken at different tlaes ere regarded as aeesures 
of test relleblllty rather than as aeasures of the 
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stability of tht txasintt'a ■blllty to do uhattvtr the 
ttat roquirta* 

Thoa«i are roaaonablt ttratealea iC the coal of 
prediction la accepted. The deoJlaion to conoontrhto on 
atable aental tralta does rule out of consideration broad 
claaaea of behavior that could be conaidered pari of 
inteUleenoo. In particular. Heaaurea of learning and of 
individual Variability of porfomance will not be 
ueaaured. Ilovover, learnlnc and peraonal atabllity could 
easily bo regarded aa part of a peraon'a cental 
coapetonco. 

Uhilo any testing technolcy will bo appropriate for 
aoBc behavior and not for otherai the very auccoaa of 
paper and pencil teating haa uadu ita ahortcoulnga 
unusually aerloua. Thu behaviora uoasurod on the teata 
have becotiC' the accepted dofinition of intelligence. Tnu 
extent of thla beliei* Uaa beon ahown by reactiona to aobe 
of the attoapts that experiHcnta I pay chol 0(*i sta have uiide 
to establtsD theories uf individual uiMeroncos in 
cocnitlon* Although tlre^c attetspts i.roceud frou n very 
different '^raditloiii and altliou^h attuupl^ to r«:produeo 
correlations with traditional tests u<ire specifically 
disavowed in one of the earliest papers on these ttktipts 
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IHuht, Froat, and LunnaborCi 1973) people still evaluate 
both their own Ueating, 198*1) and other's (R.J. 
Sternberg, 196«|, but for a uoro balanced view see R. J. 
Stori.berai 1985) work in terns of correlations with 
existing tests. 

The paper and pencil technology ha9 led to a 
particular type of thoorlzlnB. The voluse of data produced 
by clving bktteries of tests to Urge nu»oers of people 
has forced psy choHOtr 1 el ans to develop soph i:»t lea ted 
statistical procedures for data suianari zati on and 
analysis. The natural way to represent a person's test 
•cores is by a vector* and the natural way to suonariz^ a 
vector is by a s»aller vector. Hence factor analysis, the 
art of extracting the stuall factor score vectors froM the 
bewilderingly large vectors of test scores. The suauury is 
well defined uatheuatically. A person's abilities are 
represented by a point in a Euclidean space of •nontal 
abilities.* The point is then capped on ^ line 
representing the (usually vaguely defined) ultiuate 
criteria. An cxauple is shown in Kicu''^ 1. As 
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Ihe ricure ahows, this la a porfocily respectable way of 
Mftklnc classl f loatloh decisions. 

The Euclldcsr reorosentatlon has been used aa a 
psycholoelcai theory of 1 ntel I ls«nce , by Interpretlnc the 
dlnenslons of the Cuclld««n apace aa basic cental traHs. 
The aethod Is well kncvni ac nc further desr^crlptlcn Is 
needed here. (See Nunnalyt 197S, fcr a nocd Introduction.) 
Thia Is whore the problem Ilea* Factor analytic based 
theories do not provide an adequate conceptual bfcsls for 
thinking about Individual differenced In oiental 
coapetencet except for the restricted purpose of 
classification. Why Is thla? 

The usual objection to factor analytic theories Is 
that the factor analysis as a BatheQatlcal procedure does 
not lead to a unique Euclidean representation of the data. 
Therefore subsidiary aathCMatlcal assumptions are nade 
that, In effect, dictate the psychological theory to be 
aoceptad (Gould, 1981) • Tha blesast areuaant la over 
whether one should Insist that the dlnenslons, when 
Interpreted as traits, be eatheaatlca I ly orthogonal. The 
arguaent Is not trivial, because the orthogonality 
requlrcQcnt aathenat i n« 1 1 v precludes the discovery of 
separate but corraloted psychological traits. This and 
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slnllar 1 ndcterojl nancl u;» In the nathenntlcal solutions to 
the data analysis problcn set the stai/i Tor a confuslni* 
l»lay of onplrloal obsorvutl ons. Dlfferj-nt 1 nveotlr.atoos 
applied dlfforonl UAtheeatlcnl techniques to different 
data sets, produclnc a variety of clalDii for nodelii that 
vary fron Spcnruan's (1927) classic »G«neral» theory of 
Intel licence throunh hlerarchlal >iodel3 of "general 
Intftlllcence" of varying decrees, and finally to tha 
orthogonal specific abilities nodela espoused by Thuratona 
( 1936) and Guilford (1067). 

The trees nay have obs'^ured the forest. Carroll (In 
press) has done the field a considerable service by 
applying consistent factor analytic procedures to sone of 
the aajor data acts reported In the literature. 
Overslopllfylng a good deal, what Carroll found Is that 
aost or these data sets can be fit ty a "hlerarchlal 
general factor" nodel of huaan abilities. Exaaplcs of 
such aodels are those espoused by Cattell and Horn 
(Cattell, 1972; Horn and Donaldson, 1979) or by Vernon 
(1961). The Cattel Ullorn aodel secns to be the aost 
accurate. It assunes that there are three taajor classes of 
abilities. These arc the "crystallised", and usually 
highly verbal, ability to apply previously learned 
solutions to current problcss (Cc), the "fluid 
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Intollleencc" ability to apply general probloa solving 
nethnda to new situations (Gf)i and a "viaukllzatlon" 
ability to Uoul uith probltiaa involving viaual-apatial 
relations (Gv). (Thoro ia souu evidence tor mn analagous 
ability to deal with auditory rvlatlona (Stankov and Horn, 
198U}}« Tliore ia aHplo ovidonce that thoao abilities arc 
diatinct, although Go and Gf are correlated in ao^t 
populations. 

One of the nost encouraging things aobut the 
Cattell-iiorn oodol is that it fits reasonably wall uith 
neuropsychological analyses of brain function. These ar« 
based on quite different sorts of observations about 
connition; extensive exaoinations of patholoi;i oal cases. 
The natch is particularly atrong for Gv and for Go, 
interpreted as verbal ability, for there is nassive 
evidence that *)pu t i al- vi sual and verbal infornation 
processing take place in different r'-y2>icul locations in 
the brain. (Kolb and Whlsitau, I9BO). Tncre is also soue 
evidence for selective forebrain involveoeiit in the sorts 
or planning functions that appear to be involvcc in the 
ability to plan and coordinate activities. At least 
superficially this sounds like tif, although it should be 
realised that the sorts of failures of planning described 
for frontal lobe patients are oueh more extrcne than those 

15 
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associated uih low Gf. 

In suuaary, hierar^hial nodels provide good sunaaries 
of the aUilitioa tapped by paper and pencil testing. a 
United uxtent, we can uake a ^ueaa about where sotie of 
the inforaation processing that underlies the traits 
identified In the HOdels takea place in the brain. Clearly 
th«re la aooe reality to the aodel, aa a Euclidean 
deaorlption of hunan abilities, The problem Is that it ia 
difficult to go further with ;inv Euclidean nodel of 
cogni tlon, beoauae auoh node la prov iOe relatl ve 
deacriptiona of the producta of thought without any 
coQUltuent to a nodel of the prooeaa of thinking. 

Since this point ia crucial, a hypothetical 
illuatratlon will be given. Cons^Jei the task of 
predicting how a person night perfora on a test paragraph 
conprehenslon. A psy choaetri cl an could predict the total 
test score, by using a foruula sonethinu like 

Predicted test score = a x ( ECxaoi nee * a 

Gf trait score) s 

b X ( txauinee'a 

Gc tral t acore ) , 

where a and b are appropriately valued coefficients. Uut 
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this prodlots fiow the person will porform, not UfiJf 

• To desorlbt ptrformance on the tost one h(\s to have a 
nodel of how a person nerses his or her cencrel knowledr>e 
vlth the InforMitlon In the text, In order to construct a 
representation of the Infornatlon In the paragraph, and 
then one has to have a Hodel of |)ou the exaiaJnee 
interprets questions and Interrosates the Internal 
rcpreaentation of the text. These models deal with 
processes, not rolatlve outcoaes* 

Psychonetrlclans arc certainly aware oi* this problon. 
Their approach has been to exanine teats that appi^r, by 
aatheoatlcal criteria, to bo relatively pure tests of a 
trait. Tho hope Is that an ezaslnatlon of such tests will 
lead to a better understanding of what tho trait Deans. 
This has worked relatively well for spatlal-vlsual 
reasoning (Cv), which aeecs to be ooaposed of several 
definable actions; holding bits of visual laages in one*s 
head, and aovlng loages about "in the nind*s eye" (Lohaan, 
1979; McGee, 1979)* The approach has worked auch less well 
In the case of tho aore general "crystallized" and "fluid" 
Intelligence traits. The relevant flndlncs are ^''^j'y well 
sunaarlxed by recent work by Snow and his collea^^ies 
(Snow, In press; ^!arshalak, Snow, and Lohaan, 198^)* They 
used aultldlnenslonal scaling aethods to construct a space 
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of various tests in which distances between tests 
ai./oxinatod correlations between then, Henoe tviats that 
define a factor will be r.rouped in tight clusters. A 
graphic suunary of souo of their results is shown in 
Fi(;ure 2. A.i the figure shows, there are clusters that 
define tho Of and Uc factors. However the tests In these 
clusters tend to be oonplex ones. Therefore people differ 
In their Interpretation of the behavioral capabilities 
needed to attack Ihea. The well known Raven Procresslve 
Matrix teat (Raven, 1965) i which is widely regarded as a 
coed Of noasure, is a good exauple. The test contalos 
prob^ans that yield to several alternative strategies, 
each of which utllizos distinct clenentary procesaing 
steps (Hunt, t97^). Therefore one cannot easily aunuarlze 
tho prooesaes that the Raven Matrix test tests. A suanary 
that one person finds adequate will displease another, and 
there Is no way to resolve the issue. 

R.J. Sternberg ( 1977) has developed an aUernative 
approach to the problea of definition of what a trait 
aeans. The technique is called "coaponent analysis." One 
assuaes that an exaolnee's overall test perforaance can be 
broken down Into coaponents, where a coaponent is defined 
as a process that begins with a defined Input fron 
previous coaponents and ends with a defined output to be 
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dollverod to tha next ooHponant In line* Conalder anklo^cy 
testa* Each Itao la of th« forH 

«*A la to B aa C la to D1,D2,D3,DM« 

"Cat la to Do8 aa Uolf la to (Llotii Glrarfai Blophanti 

Such > problaa can be aolved In the rollouliif. atepa* 

K Code tho aeanlnc of tho toraa. 

2* EatablJah the relation butuoon the A and U tar«a. 
3* Apply that relation to tiap froo the C torM Into an 
Ideal answer* 

H* Locate that anauar amon^at the D tema that noat 
cloaely approxlMatea the idoal answer* 

The tine required to «nawor a test Iten Is assunod to be a 
linear function of the tine requlrod to execute each 
cobponont process, plus a "Junk" terib reprosontlnE "all 
other processes Involved*" A similar uodol can be 
construoted for estluatlnc the probability of producing 
the correot answer as u function of the probability of 
correctly executlni;: each conponent proces^i* A p(;i«5on*s 
ability to execute individual conponent:i can be ustlaated 
In two ways; by desiening uodifled test Iteus that isolate 
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one Of the components (as was done in Starnbarc's original 
work) or by oonstruotlng a faotorlal experiment in whUh 
tho exparlttontal variables ,rt chosen to eoctif^ the 
diffloulty of one and only one of the component processes 
(e*g* Pcllegrino and Kail, t982), 

Componentlal analyses oan produce very accurate 
partitions of variation in parforoanca on different 
problems within a particular typt of test, avcrsced across 
individuals. On the other hand, no one of the co«pon.nt 
prooess measures seams to aocount for very muoh of the 
varianoe in Individual variation in test performance. The 
•Junk" parameter, whloh represents -encoding plus 
everything .lae- ia consistently the most aocurata 
estiaata of general perf;,raance In other areas. This In 
disooncarting, for the prooesses contributinf to tf.o Junk 
parameter are not defined by the experimental variations. 
As a result, coaponential analysis does provide a better 
Idea Of What behaviors are required to take a conventional 
test, but coaponential analysis has not related these 
behaviors to a theory of cognition, nor has it er^lalned 
why soeo tests work as predictors m some situations. 

Tho criticlsos that have beer ,t5reoted at the 
hlererohial .odel are not apeciric to It. They can be 
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dirtottd at any trtlt thtory of cognition. This dots not 
■tan that trait thtorlta art falat, Juat that thny havt 
Inhtrtnt dtflol tnol ts. Can thtat deflolencita bn rtaedltd 
by ooablnlng psyohoattrloa with oognltlvt psyohology? To 
answtr thia qutatlon, Itt us takt a look at what the 
Cognltlvt Psychdlogy vitu Is. 
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THE COGNITIVE PSTCMOLOGT APPROACH 

Cocnltlvt psychology Is based on an approach to tht 
nJno that Is earktdly dlffertnt froa the Euolldtan 
representation approach taken by psychoattr lea. The aodtrn 
(post 1970) approach has been strongly Influenced by a 
variety of other disciplines, notably by linguistics, 
neuropsychology, artificial Intelligence, psychology, and 
to a lasser extent cultural anthropology. Theae branchea 
of each of these disciplines that are concerned with 
thinking have cobq to be referred tO| col leotlvaly , as the 
'Cognitive Sciences.' This Is an uabrella tera for a 
collective aoveaent toward the developaent of a unified 
theory of alnd rather than to multiple, 
discipline-specific aodela. Since nodern cognitive 
paychology Is best undaratood as part of this Movenent a 
feu words about It are In order. the basic assuaptlcn of 
the cognitive sciences Is that there are laws that govern 
pbyalcal syabol manipulating systems, soaouhat akin to 
laws that govern physical phenonena. At a very general 
level. Shannon I Ueaver't (t9^9) theory of Infornatlon 
transnlsslon would be an exaaple of such a law. The tern 
"physical syabol manipulating system" Is iaportant . The 
cognitive science approach assuaos cognition Is achieved 
by the manipulation of symbols that represent some 
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txttrnal world* Uoutvtr tht aot of synbol nani pulatlon 
raqulrts sout sort of phyalcal systtn. What cosnitlvo 
science studies Is the restraints placed on syHbol 
uanlpulatlon by the nature of tho external world bolne 
roprusentod, by the nature of synbol uanlpulatlon Itsw ~ 
and by the physical character of the sy:iteii doing tho 
aanl pulatlon. 

Pylyshyn Ct983) has Identified three levels of 
cognitive science studies. The first Is the study of the 
Influence of physical nochanlsns upon coi;nltlve 
proceaslni;. This car. be done by ftnalyzlnc the one device 
that we know is capable of thought; the nuMMallan brain. 
The cognitive and nourosclences nergo here. A 
coapleaentary approach Is to analyse the perfornance of 
hypothetical physical devlcesi io see If they could 
perforn the coeputatlons that are ruqulrcu to achieve 
certain cognitive actions. ExMoples of such work are the 
atudy of tho learning and aotjory capacities of networks of 
idealized^ neuron-Ilke devices (Mlnton and Anderson» I98lf 
Hlnaky and Papert, 1969) and nnalys>s ol th^ networks that 
can rvallzo coBputa;.ions required In vision (Carri 1982)* 

Pylyshyns*s second levc;! of cocnltlve science 
research deals with *pure* syMbollc processing 
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capabilities defined without concern for the external 
referents of the synbols belnc processed. An example 
would be the well known studies of the scanning of 
Infornatlon In short-tern neuory (S.Sternbergt t969» t975) 
or studies of the process of Hovlng visual iMages "in tho 
Hind's eye" (Shepard and Cooper, 1982). At the highest 
level are atudles of thought processes that are ooatrolled 
by people's understanding of the referents of aytibollc 
processing. Exasples of work at this level are studies of 
probleu solving and text coHprehonsl on. Johnaon-Lalrd 
(1983) has described this level of research as research on 
the dental aodela that people construct and oanlpulate In 
tho course of problen solvlog. 

For brevity let us refer to those levels as the 
physical. Information processlni^, and referential levels 
of cognition. Clearly the physical level Is the aost 
concrete, for an action of the olnd oust ulticately be an 
action of the brain. The referential level Is what wo 
noraally think of as conscious thought. The aost abstract 
of the three luvols Is the Inforaatlon processing level. 
Pylyshyn presented the levels as analogically slnllar to 
the study of computer circuitry, systen design, ^nd 
programs within computer science. A related, and perhaps 
somewhat clear<ir» analogy Is to think of studies at the 
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phyaloal (brain) laval In huaans as being anaiasous to tho 
atudy of ooaputar hardwarCf studlaa at the 
reprasantatlonal laval aa being analagoua to tho stud^ of 
the aotlona of partloular prograas» and atudlas at the 
Inforaatlon prooesalng level aa being analagous to atudlas 
of the operatlona permitted in a ooapuier languace In 
which the representational "prograva" are written* 

To provide a aore apeolfic 1 lluatratlon, consider the 
atudy of huaan verbal coaprehenslon. At the phyalcal 
level there have been nuaerouo atudlea showing that 
language proceaalni In the brain takea place largely In 
the left healsphere (Kolb and Vhlahaw, 1980). At the 
repreaentatlonal level we find studies of how the 
Inforaatlon a person extraota fron a text lo froa a toxt» 
Is Influenced by their level of knowledge of the topic, 
the text and their bellefa about the use they will have to 
aake of the text based Inforaatlon (Johnson and Klerasi 
t983; Chlesl, 2pllllcht and Voss, 1979)* 

The Inforaatlon processing level Is the hardest level 
to define* since It refers to processes rather than to 
physical structuresi but the processes are not open to 
conscious Inapactlon. Continuing the analogy to 
coaputatlon, unraveling the Inforaatlon processing 
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elenents of cognition is a bit like attenptlng to Infer 
the basic operatlona of a coaputer prograaalng languace by 
observing tho perforaance of prograus written In that 
language. The problea can be lUuatrated by oonalderlng 
the logic of the sentenee vpirieH-lon paradlga 
developed by Clark and Chase ( t972) • The procedure will 
be considered In soae detail because It has been the 
vehicle for a reasonable aaount of reaeorch on Individual 
differences* The procedure Is shovn In Figure 3. First a 
slaple sent<^nce la ahown. The aentence la followed by a 
picture. The participant oust Indicate whether or not the 
sentence correctly describes the picture* Since errors 
are Infrequent, the dependent variables are the tlae a 
person requires to cocprehend the sentence ( "coaprehenslon 
tJae") and the tlae required to deteiaJne whether or not 
the sentence correctly describes the picture 
("verification tine"). These can be altered by varying 
the truth value and sy ntactl c-seaantlc forn of the 
sentence* For Instance, It takes longer to verify 
negations than afflraatlons ("Plus above star" versus 
"Plus not above star") and longer to verify sentences 
containing aarked teras ("below") than unoarked o ^es 
("above")* The tlae required to carry out basic steps in 
linguistic Inforaatlon s^eps can be aeasured by observing 
how verification tlaes change uhen sentence foras v e 
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•Itertd »yittMiticilly. Tht logo can be extended to 
Individual dirferonce retearob by deteralnlng bow (or 
whether) the tloe required to execute a apeclflo 
lln^ulstlo proce33 varies aoroas people. 



Figure 3 here 



There are two aajor dlfforenoeo between the oognltlve 
psychology and the psyohoaetrlo approaohes* Doth arti 
particularly atrlklnn In studies at the Infornatlon 
proceaalng and representational level. Cognitive 
psychology Is Intereated In the process of cognition, 
rathor than the product. This '^an be seen In the studies 
of verbal coMprohenslon Just described, where the emphaals 
Is on building a uodol of how a linguistic statemont Is 
understood, rather than on speolfylng how likely u person 
Ja to understand an arbitrary statouent* Tho second 
dlffbrenoe, which follows froM the first, Is that a 
cognitive paychology theory of Individual differences aust 
fit Into a process Model of the cognitive action being 
studied* The cognitive paycholoplst Is not particularly 
Interested In dote^Mliilng the dlucnslons of the Euclidean 
apaoe adequate to describe Individual's ability, relative 
to each other. Tho cognitive psychologist Is Interested In 
knowing how variables related to the Indlvldusil laplngo 
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upon the process of that Individual's cognition. 

This oan Ue Illustrated by looklnr. at a aerlea of 
studies on the rule of short term Memory In reading. There 
la a poaltlve correlation between aeasures of ue«ory span 
and scores on oanlbus written tests of verbal ability 
(Oaneaan and Carpenter, 1980; Paluer et al. , 1985). 
Oaneaan and her colleagues (reviewed In OaneMan, 198li) 
asked why this Is so. First it was shown that higher 
correlations oan be achieved If the Measure of Memory span 
la one that directly reflects the ability to hold 
InrorMatlon In MeMory while procesalng Intervening 
llngulatlo atates'* ta, rather than one that reflects the 
"pasalve" capacity to hold words In aeoory without doing 
soMe Intervening aotlflr/. (The MeMory span subjects of 
aost lntelll(S«noe batteries are of the latter sort.) Ilext , 
It was shown that the ability to hold Inforoutlon In 
aeMory exerts Its effect on certain steps In linguistic 
processing, such as the ability to resolve anaphoric 
references or to recall previously presented Infornatlon 
when aoae reference to It Is required. Instead of 
stopping with the observation that reading conprehenulon 
and short tern aebory tests load on the saae factor, 
Oaneaan and her colleagues exaalned the process oi* reading 
In order to deteralne what produced the loading. 
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Otcause the enphasia of cocnitivt paycholoGy ia on 
processi experlaenter& try to oonatruct liborttory 
situations that isolate proctss. A oocnltlve psychologist 
nay find performancf in an Isolated situation extrently 
interesting, on theoretical grounds, even thouRh that 
Isolated situation does not draw upon behaviors that are 
called upon a great deal In the everyday world. 
Prediction is not the point. 

Measures of individual differences that relate to a 
theory of process are always of Interest, in the frsMSWork 
of that theory, oven though variations in the no&sures aay 
not be highly reUted to variations in perfornance in any 
iHportent soci o-oconooio activity. Indeed, from a 
theoretical view sods of the nost inportant neasures on an 
individual may be those Measures that refleot constancies. 
Years ago, Hiller (1956) ob^Jerved that there ia very 
little absolute variation in the hunen abilities to cake 
perceptual Judpncnts and to hold inforuation in short tero 
penory. The inportance of these constancies for perception 
and language coMprehension is innensc. Yet Measures with 
low variability are not cooii predictors. 

Given the differences in philosophy, it is not clear 
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thAt oognitive psychology and psychcnotri cs can be united. 
On the other hand, it is not clear that they cannot. The 
problems arc soncwhet different at o:ich of Pylyshyn*s 
three levels of the study of the nind. 

The functioning of the olnd depends upon the 
functioning of the brain, so questions about the relation 
between brain prooesses and nental processes are of 
interest. The fanous issue of hcniapheric looalization of 
function is an exanple. So are studies of the influence of 
speolflo chemicals upon nental functioning; e.g. the role 
of Aloohollo intoxication upon neaory. A great deal of 
technologloal devolopnent has gone into the construction 
of cieasures of functioning of the phyaioal brain, ranging 
fron neuropsychological observations of behavior to such 
exotica as tonocraphlo scans. The technology provides an 
excellent vay to study two things; the general physical 
substrata of the norval nind and aberrations in &<ind that 
ere produoed by speeific, usually physical alterations in 
the brain. 

The fact that the dinenslons of individual variation 
uncovered by psychoneCri cs do Dap reasonably well upon the 
brain functions discovered by neuropsychology is an 
inportant observation. The n^uropsyohologloal 
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obaervatlona art alMoat all b»atd upon tht study of 
axtroBO oa30s» uhllt tht ptyoboHttrlo data reata vary 
larsely upon tht study of normal variation In uontal 
ooHpotenco ulthln a nornal populaton. Thld tuatjesta that 
thurt are aufflcltnt dlfftrancts In brain funotlonlnc in 
tho nornal population to naka a (Jirftrance In at laast 
aoaa of our behavlora, apeolfloally thosa aotlona raqulred 
by a oonventlonal aptltuda taat. In taras of tht 
Euolldean raprasantAtl on of the psohoaetrlol an^ the 
quaatlon ia uhathar or not naasuroa of brain funotlonlns 
art sufflolently close to psyohosetrlo Meaauros to fit 
Into tho paychoaatrlc dlnonalonal rapreaontatlon of the 
alnd. In nore prasaatlc tarna uhcthar or not brain 
function oeaaurea can be related to everyday functioning 
In norakl Individuals dopenda upon uhothar the aeaaurea 
are related to behaviors 3har«d by teat taking and 
everyday coo'nltlv« actlona, or uhethor tho brain function 
aeaaurca are ualnly aaaociated uith cocnltive epiphenocenu 
of the test Itaclf. 

Frou tlae to tine there are reporla that there are 
"aubatantial correlations** between oeasureuunta of brain 
functioning and aone extreuely couplex behavior, such aa a 
general Intelligence teat, (see Ilendrlckson, 1982) for the 
latest auoh oxarnlu.) TUts vaat aajorlty of theae reporta 
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have alaply failed the oruolal teat of Independeat 
repllbatlori. This la not to deny that the propoaltlon that 
individual dlfferenoes In brain functioning have aoaething 
to do with individual cognitive behavior. I aa aurt* that 
they dO| eapeolally In extrtBt caaea. Aa a aatter of 
aolontlflo Intereaty atudiea of the relation between brain 
functioning and cognitive behavior ahould und will be 
repeated. However It la not at all clear vhat will be 
learned by studies that are confined to reporting 
correlations betveeo gross aeasures of brain function and 
groas aeasures of aental function; e.g. a correlation 
between a aeasure of the variability of the brain's 
overall response to a repeated stlnulus and perforaance on 
a general intelligence test. Unless the correlations were 
extroaely high (and again I repeat ay caution about 
Independent replication) all this tells us is that the 
general functioning of tho brain Is related to general 
cognitive functioning. Did anyone doubt this? 

Urain-oognltion questions have a seductive physical 
concretenoss. If toaographlo scans reveal aetabolic 
activity In i particular brain region during certain acts 
of cognition (e.g. activity In the right heDisphoro curing 
spatlal-vlsual reasoning) then surely this auat tell us 
how we think* Unfortunately* It does not. It tells us 
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whtrt wt think. Drain function (leasuros do not answtr tho 
Qutatlons poatd tht oognltlvt psyoholoslat unlass 
■taaus*t9 on tho brain oan bt associated with specific 
p^ooessas. To soaa axtant thla has baan dona^ aspoclilly 
In tha analysis of lansuaga coaprahonsloni whero tha 
procassas of uord and sentanca ooapr ahansion hava bean 
diaasaooiatad at an anatoaical laval. It is av<in possible 
that phyaical ^/isassociat Ions batuaan different techniques 
for word analysla ulll be discovered (Colthearti in 
press)* Such work is certainly exoitlncr but it la 
probably not i ng to have auch Influence on the relation 
between psychoaotrlos and oognltlva psycholosyi slnoe 
neuropayoholosy rests upon evidence froa pathcloslcal 
cases* One aust also reaeaber that a process aay be 
dlatrlbuted over several anatoaical loci. So a failure to 
Identify an anatoaical location for a process tells ua 
little. There would be a need for Inforaatlon proceaalns 
studies even If we knew all there was to know about 
neuropsychology. 



Figure H here 



Early theories of Inforaatlon processing aophaslred 
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the Isolation of stages of ayabol tianlpulatlon* Figure H 
showc an exanplei taken fron an early paper by Salth 
(196G), in which the act of aelactlnis a response to a 
atiaulus was broken up Into two stages of stlnulus 
analysis and two stAf.as of response execution. In fact, 
this approach is the historic progenitor of n.J. 
Sternberg*s (1977) coaponcnt analyjos of Intelligence 
tests. The etrongest Interpretation of Salth's aodel la 
that there are dlatlnot stages of Inforaation proceaalng, 
that activity In one stage is Independent of activity In 
tho other statues, and that the stages pass Inforaatlon to 
«ach other In a aerial nanner. Thus a aodel like that 
shown In Figure H la really quite a strong stateacnt about 
Inforaatlon processing. A sore general view Is to regard 
thought as depending upon Isoleble subsyateas, or nodulest 
of Inforaation proceaslng actions that operate 
Independently of each other (Fodor, )983i Posnor, 1976). 
Each of the aodules contains Its own view of soae sspeot 
of the external world. Theae views are eventually 
Integrated Into an overall repreaentatlon of what Is going 
on. As an exaaple of sodular processing, consider what 
aust happen when an autonoblle driver Is told, verbally, 
by a passenger^ that the passenger would like to stop for 
dinner at the next restaurant. Figure 5 shows the 
exchange of inforaatlon between nodulea that aust go on 
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Inaldt tht driverU htad if tht car la to bt aaneuvertd 
Into the ntartst rfiataurant parking lot. 



Plguro 5 here 



The current "uladoa" Is that the Integration of 
laodulAr proceaalne that occura In cognition can be nodoled 
by the uae of a conceptual device known aa a production 
execution syaten. The baais of production execution 
ayatema la the i)rQduotlon , & pattern and an action to be 
taken If that pattern la executed. Figure 6 ahoua a 
allghtly uhlMaioftl aet of productiona for driving a oar. 
Each aodulo of thought can be conceptualized at the aet of 
patterna und primitive actiona that are effected within by 
that nodule. Xnternodulo coutiuni cation la aohloved by 
allowinc nodulea to place their output either into the 
pattern area of other codulea c^r (sore uaually) by 
aaauulng a conuon "blackboard" area that can contain 
pattoriia appropriate to any of the aeparate taodule.i. Thla 
ia illuatratod in Fltdre ?• which showa the orgiinizatlon 
of an hy^'Othotlc&l nodular ayateii of productlcna that 
■ight be required to execute the logical production ayatea 
stated in Figure 6. 
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Figure 6 



Thinking of thinking aa organized Modularity leada to 
an eophaaia upon certain oliaaea of Inforaatlon prooeaalng 
functlona* The firat ia the vleflnitlon of the MOdulea 
theiiaelvea. Hodulea ahould not be thought of aa atagea In 
coaponent proceaaea (aa deacrlbcd previously In dlacuaaing 
R. J.Sternuerg«a work), but rather as specialized workshops 
containing resources to be asseabXed into coaponent 
processes. The diatlnotlon is roughly analagoua to the 
distinction between a hardware tianaf aoturer , such as the 
Doeing Aircraft Coapany, that is capable of doing certain 
thl nga , prov Ided 1 ts shops aru not overloaded , and the 
stages In the process of constructing a specific aircraft, 
ttlssile, or apace vehicle. 

Inforaatlon processing research attenpts to Identify 
the aodules and the actions of khich they are capable. 
This is done by Inferring the existence of a module, or 
of a process within a aodule, by observing the sdective 
action of variables on certain types of perforaance* An 
exaaple ia 4^ widely cited study by Blederi.an and Kaplan 
(1970) which deaonstrated selective effects of stlsulus 
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discrialnablll ty and responst ooHpatlblllty upon viaual 
tncodlng and notor rtsponat production systtHS* An 
alternative ttcbnlqut for Inftrrlns tht txlsttnoa of 
atparate aodulta la to show that iQtlcn vlthln one &odule 
does not Interfere with action in another Hcdule. This 
sort of reesonlns 1« exemplified by duel teak atudies* In 
which people are eakvd to co osisnsibly In^sssndsst t&!«k9t 
If the taaka are done by aeparate aodulea It should be 
possible to tltae share the taska without Interference. A 
eood illustration is a study by Kerr et si. (1983) in 
which ■alntalnlns one*a poature waa found to Interfere 
with visual but not with verbal HeHory tasks. 

Once aodulea have been Identified one can Investlsate 
the extent to which each aodule dlaplays variation across 
Indlvlduala. Slnliar atudlea can be Made of proceaaea 
within a Module. Losioally» Individuals are treated as 
factora in an experiMeot» and one observes when 
differences sssoclated with Indlvlduala (e.s* as« • s«3C» or 
sonetlMes simply Individual Identity) nake a difference In 
the perforMance of a task that is already known to 
involve ft particular Module. The fact that the Modules 
have been defined Independently Is what dlstlnsulshes the 
experlMental psychology of individual differences froM 
psychOMStrlo 1 nvestlsatloDs. In psyohoaetrlc theory a 
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•eood" Measure is defined by the pattern of correlations 
involving it and other te^ta. in cognltlvo psycholocy the 
aeanine of the testing procedure will already have been 
defined* with respect to a particular theory of cosnltlon, 
and will have been Juatifltd by the noMothetic experlMents 
done to validate that theory. The pattern of individual 
differencea Is soMethlnr. to discover, but th* pattern docs 
not validate the Measure. 

The approach can be illuatrated by a further 
consideration of llnrtuiatlc InforMation processing. The 
Modular character of linguistic processing haa been 
established by psychoMetri c , neuropsychological, and 
experlMental psychologi cal criteria. In order to process 
Isnguage one haa to know words. This is reflected in the 
veil known fact that (at leaat in youne adulta) vooabulary 
size is an excellent indicator of one*a general ability to 
deal with language. This is the reason that vocabulary 
tests are often uaed as "aarkers" for verbal ability. 
Tests of the speed of retrieval of the aeaninc of ooaaon 
words Identify a reliable dlMcnsion of individual 
differences. Furthernore, this dlMsnsion of ability is 
distinct froB the ability to aanipulate strings of words, 
as tested in the sentence verification psradlga (Hunt, 
Davidson, and LansMan, 1981; ?alaer, HscLeod, Hunt, and 
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Davidson, 1965)« Tht«« findloeft Indloatci that thu lansuase 
proctaalng Hodult oontiilna tvo aoHtwhat sgparatt 
■ tohanlah^9 ont for rttritvlog vord Inforuataon froH lone; 
t^rs utaory and ont for aanlpulatlnc Inforaatioo aftur it 
has bttn retrltvtd* Tht conclualon la buttrtaaad by 
nouropaycholoslol flndln^sa indloatlne that dlfftrtnt brain 
struoturta art Involvtd In rttrltval of word atanlnc and 
stnttnct analyaia (Kolb and Uhlabart, 1980)« Slnct 
aenttnct and uord procta^lnc art not ptrfActly corrtlatud 
thty tvldtntly ctakt a dlatlnct contribution to tht 
payohoRttrlolan<« vtrbal ooMprthtnaion trait* tloto tht 
lapl.td oausallty* Stnttnot and uord prosoaalns Mtanurta 
• re not rtgardtd as loading on an undtrlylns tmlt of 
vtfbal coaprohtoalon ability, thty are thought of as 
produolns that ability* On tht other hand, froa the point 
of vluw of aoBtont Inttrtated In prediction, a ttat that 
alxtd sentence and uord proctsalni^ Into a central ttat of 
tht ability to coaprthend lant^ungo alght be far core 
uaeful than laolattd ttata of tht atparate prooeaaea. 

Verbal coaprehenalon deptnda on the Inteeration of 
word Jnforaatlon Into stntenco atrucutrt, wnd senttnce 
structure into discourse atructurt* Detailed itodela for 
both prootssta havd been proposed (Schank, 1975; Klntach 
and ven Dljk, 1978)* Doth aaauae that uhat a coap^ehender 
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dota la to construct a atructurt rtpros^ntlns tht atanlng 
of tha Mtssafit bains rtctlvtd. This la net a trivial 
task, since tho a^anlng of words and stnttnets will ofttn 
bt dtttralntd lar^tly by conttxt. Substantial Individual 
dlfftrtnets In tht ability to dtflnt words In eonttxt havt 
bttn obatrvtd. Indicating that variation In fitting 
staantlc aoanlne to pragaatlc eonttxt Is a aajor sourc« of 
variation In vtrbal coaprthtnsl on« (hunt, 198^) 

Poaltlvt findings such aa these fit wtU Into 
hlerarchlal psyohoattrlc aodels because thty suggtst that 
broad dlatnslons, such as "vtrbal ability*, can ba broken 
down Into nora tightly defined tralts« Hut what about 
ntgatlvt finding? One of the processes that facilitates 
the Integration of words Into sentences Is a non-selective 
"prlaing" process. In which topics that have already been 
identified Increase a peraon's sensitivity to the 
recognition of related words (Foss, t982)« The usual 
cxaaple Is that people shown the uord "Doctor" arc quick 
to reoocnlze the foUoulng uord ^Hurse." There is no doubt 
about the existence of this aechanlsu or about Its role In 
the processing of noraal discourse* tiou«»ver tho prlaing 
aechanlsa appears to shou little variation across 
Individuals, and therefore ueasures of It are poor 
predictors of retati ve verbal couprehenslon ability 
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(Hunt, 



Froa ■ oosnitlv* soltnot vitVf findlngii shovinc that 

thtre l3 ■ lingulatlo Inforitatlon proooaalne iiodulti that 

It haa subprootsaes, and that tht aubprootaats aoattlnos 

3how individual variation rtprcstnt a atart towarda an 

Inforaation prootsalns thtory of vtrbal ability. Kappins 

tba distribution of individual (Sirftrtncta, ptr se, (i.e. 

oonstruotlntf tht approprlatt Buolld«an repreatntatlon) I3 

not a hish priority ntxt attp. Studies that rtlatt 

thaoratloally deflntd Moasurta to sptclflc Individual 

oharaoteristi OS are far More InttrtstinQ. For Instanot, 

It appaars that adult aslns hat*MS linsulstlo Inforaation 

» 

prooaaalns at the laval of sentanoa and text intasratlon 
(Cohan, 1979; Llfiht, ZoXlnskl and ttoora, 198£). This is 
soaawhat contrary to the psychoaetric observation that 
"verbal ability", as defined by certain payohoeetrlo 
te^ts, la relatively lapervious to aslns (Qotuiniolc, 
t975). How Is this discrepancy to be resolved? Questions 
such ati this are central to a scientific understandi ns of 
individual differences, but aay be auch loss central to 
prediction of perforaance in wide-ranging situations. 



The discussion of verbal ooapreheDlon Illustrates 
how cosnitive psyoholoKlets thinic about Individual 
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differences within an area of Inforaation processing 
aodule. Cocnitive psychology also stresses the process of 
integration of inforaation across different Modules, or 
aoroas different sources of input. The distinction is 
iaportant. Studies of the exchange of Inforaation between 
processes deal with the pasaago of inforaation froa one 
repreaentatlon to another. Studies of the vay in which 
people deal with aultiple sources of Inforaation focus 
acre upon people's ability to control the way in which 
attention highlights first one, and then another, aspect 
of the current situation* Doth concerns present 
challenges for the psychoaetric approach, but for sonowhat 
di f f erent reasons. 



Virtually everyone who has exaalnod problea solving 
has stressed the laportanoe of forning a good problea 
representation. Perhaps the clearest exsaple is in high 
school geoaetry. Strictly speaking, solving gecaetrlo 
problees is an exercise In syntactical analysis; well 
fornod strlnca of synbols sre to be written into other 
well forned strings using a finite set of rules. Problea 
dlagraas are not logically necessary, but they certainly 
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h«lp. It la quit* oaay tO Ahov th*t peopU differ In the 
repre&entatlona that they une. Consider the sentence 
v«ririoatlon task. Host people solve this probleo by 
ooaparlns the aeanlns of linguistic descriptions of the 
picture to the aeaninK of the sentence. These are people 
who will use the aentenoe to construct en laage of the 
picture they expect to see end then oo»pare It to the 
picture that they are aotually shown (MacLeod, Hunt, end 
Mathewa, 1978). Regularities in representation use can 
aljo bo shown across cultures. Children raised In a 
western Buropean culture will attack an object 
neaorlzatlon task sinllar to the gaae "concentration" by 
developing a verbal strategy of where the objects are. 
Desert dwelling Australian aboriginal childmn treat the 
saino task as one of aoHorlzlng a visual Inage (Kearlns, 
1981). 

The fact thr'. different people use different 
representations poses a uajor problen for any trait tuodel 
of cognition. Changes of representation aay chkngo the 
type of Inforaatlon processing that Is required to take u 
particular test. This 'ehallengbs a basic assuaptlon of all 
psychoaetrlc aethods; that the saac linear combination of 
abilities can be used to predict tl»e test score of every 
exaainee. More colloquially. If represon\atlona change 
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then there will be "representation optional" teata th#M 
are verbal teats to aoae people and vlaual-spatlal teats 
to others. When representation optional testa are Included 
In psychoaetrlc batteries they will give erratic reaults, 
since their loadings will depend on the frequency of use 
of different representations In the population being 
tested, (Sentence verification tests provide alxed results 
when uaed with college students, but seea to be purely 
verbal tests In populations of older people (Hunt and 
Davidson, 198I).) By a sort of Darwinian logic, 
representation optional tests drop cut of Intelligence 
testing, because they do not fit well Into the Euclidean 
BOdel of ability description. But, froa a cognitive 
science view, knowing the sort of representations a person 
likes to use Is one <tf the aost laportant pieces of 
Inforaatlon that you can have about problea solving 
ability. 

Finally, let us consider the other sense of 
"Integration", the ability to control attention during 
problea solving. This ability Is usually tested by giving 
people several tasks to do In a short tlao period, and 
seeing how well they are able cope with streans of 
Inforaatlon froa different tasks. The tasks Involved are 
alaoat always very slaple ones, such as detecting wliether 
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or not ■ particular word haa occurred in a string of words 
prtaanttd to tho right or Itft tar (dichotic liattnins), 
or daterainins whothtr a signal haa baan proaantad at a 
particular location In tht visual fiald. Thasa siapla 
taaka art studitd btcaufit tbay art baliovtd to bt koy 
coaponents in a varitty of vtry coaplex aaohintry 
optrating taaksi auch aa flying an airplant. 

Early raatarch auggttttd that thara art no rtliablt 
individual differoncta in tht ability to do tiovtral things 
at oncti apart froa tht ability to do each of tht taaka 
aingly. Tht tarly work haa bttn criticiztd on 
atthodological groundai though^ and a rtanalyais of koy 
atudita indicatta that tht ability to abart one'a 
atttntion acroaa stveral taaka ("tiat aharing ability") is 
a reliablt diatnaion of individual differencea (Aokorv.ani 
Schntidtr^ and Vicktna» 198M; Stankov^ 1983)« Jttsoarch 
idtntifying Just what tina aharing ability is ia in its 
infancy* llowtver wo do hava aoao indicationa of it naturt. 

Tiat sharing nuat involve aoae capacity for 
controlling attention. Ptoplt who are good tithor at 
focuaing atttntion on ont auditory channtl (t«a« 
listtning to a apttch againat a background of 
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conversation) or aplltting attention acrosa two auditory 
chunnola (listening to a conversation while talking on the 
telephone) are not necessarily the paopla who cah focus or 
apllt attention acrosa the vlaual field, but there ia a 
aubstantlal (,60) correlation between aeasurea of control 
of attention within each uodallty, TJiia aucr.tata that; 
there are' both inter and intra aodallty aechaniaas 
involved (Lanaaan, poltrock, and Hunt). There also aeeaa 
to be a reliable dinenalon of individual differencea in 
the ability to shift attention froa one atreaa of input to 
another. Exaaples are the task of ahifting froa liatenlng 
to one ear in a dichotic preaentation to liatenlng in 
another, or ahifting froa following one aequence of visual 
ayabola to following another (Hunt, In preas; Hunt and 
Farr, 198^). We do not know the relation between 
"attention ahifting" ability and the "attentional control" 
ability identified by Lanaaan et al. 

Studiea of tha control cf attention are quite outaide 
the preaent range of abilities tested by conventional 
paychoaetrlc procedures. There are two reaaons why 
psychcaetrloiana have avoided this field. One is that the 
activation for studying individual differencea In the 
control of attention Is baaed partly on a deiiire to 
predict how well people will operate eachinery in highly 
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dtaandinsi tlat Ilalttd situations. Again aircraft 
oparatlon la tbt btat txaaplt* Tht aorta of prooeaaes 
belns tapptd In atttntlooal control studlta art sinply not 
an laaut In tht tducatlonal and bualneaa atttinga 
applicatlona that futi aany psyohologcal studlta of 
Intelllsenct. Thtrt la alao an 1 nttntlonal ly practical 
rtaaon for avcldlnc studying atttntlon In a psychCKCtrlc 
f rttttwork* 

The procedures rtqulrtd to tvaluatt the control 02' 
attention are» to put It nlldly, net easily Included In 
the usual testing situation. The tasks are conpllcated and 
the partlolpanta auat receive a careful explanation. In 
lose cases up to several hour;^ of practice May be needed 
before a person's performance Is atable enough so that ho 
or ahe can be tested. All of these considerations eltlgate 
against the "large H" studies that psychoMetrlo technology 
depends upon. Uouever, there Is no way to shortcut the 
precautions. As was pointed out earlier, cognitive 
psychology develops procedures that are justified by their 
relevance to a theoretical Model. Any use of these 
procedures Must contain Internal checks to cake sure that 
the Model atlll applies. In the case of studies of 
attention, the procedures and the Internal checks ulll 
often be so onerous as to preclude their use in 
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conventional peraonnel evaluation settings. Tbis pragaatlo 
fact does not dlalnlah the theory, nor does It dlMlnlah 
our scientific Interest In Individual dlfferencea in 
attention. 

Previous remarks have focused on the conceptual 
llMlts of the psychOMStrlo approach. It la worth noting 
that In the case of atudles of attention cognitive 
paychology has also been Myopic. "Attention" has been 
conceived of aa soMSthlng that a person throws froa one 
place to another» In response to an envlronMent that 
deMands an Instantaneous response. This Is a realistic 
■ odel for skateboardera, all the tUe, and for airplane 
pilots soMS of the tlae. In Most huMsn endeavors, though, 
the cognitive envlronMent deMsnds responses within 
Minutes, hours, or even daya. The peraon doing the 
thinking uaually haa a good deal of freedOM In scheduling 
the order If different cognitive tasks sre to be done. 
This Is a very difficult situation to study within the 
technologies of both paychcietrlcs and cognitive 
psychology, because It Means giving control of the 
situation over to the participant. And once this Is done, 
the exaalnee has control over what Is to bo tieasured. 
Understandably both psychOMStrlol ans and experieental 
paychologlsts avoid such situations. But the ability to 
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struoturo one*9 envlronnont nay be tho key to auocosa* 
This buooisos apparent when wt conaSder the topiioiit level 
of cocnltlvtt paycholonyt the study of conscious, 
specialised prebleu solving* 

Coiiplcx problcQ solvinc Is very nueh Influenced by 
the represontetl oils that problta solvers ehoosc to use, so 
understanding; the process by which representations are 
developed, selected, and chosen for use has boeone a 
central coal of connltlve psycholoey. Since the choice of 
optional representations la very heavily Influenced by 
learning, any theory of representation in problem aolvlnc 
has to be, In effect, a theory of how a person acquires 
and uses knowledce. The effects of ropresentetl on owning 
on repreaontetlon having are nultlplloatl vc, not additive. 

This point has boon Illustrated In a striking u>y In 
studies that show how the Infornatlon that a person 
extrents froD a situation depends upon the person's 
represont^^: r> .^C tho situation Itself. Chleal, Spllllch 
end Voss (1979) offered a good Illustrative study In a 
rather trivial field, recalling en account of a baseball 
cane. People who wore faalllar with baseball could 
construct a representation of the plays being described* 
This caused then to focus on i;aMo rolevent Infcraatlon, 



which they werit aubsequently ;iblo to recall. People not 
fanlllar with baseball were not able to do this, althoof.h 
they were Able to rttcall (laHC Irrelevant Infornaton 
contained In the broadcast. 

At one level, such nn obacrvAtlon Is hardly 
surprising* "Rvcryone" knows that people recall norc abeut 
events that they understand. Mut this Is precisely the 
point. Understanding and learning are problem solving 
situations. In which a person's current knowlodoQ 1^ used 
to structure ntw knowledge. The topic of Chlcsl ot al. 
exporloent nay hsve been trivial. The principle was not. 
Exactly the satao point can be uade (jtfter a Much uore 
conpllceted enslyals) by studying the way In which 
students acquire knowledge of plane geoaetry, or of 
computer progreunlng (J.R. Anderson, et al. , 198^). And 
consider a still store detailed analyals of a very 
liiportent activity. Carbonnell ( 197d) was able to slnulate 
conservative and liberal interprotatlona of political 
events using e prograM that applied Identical Infornatlon 
processing mechanlsns to ncrge the statennnts with 
different representations of political and social forces. 
What one gets froo experience depends very heavily upon 
one's Interpretation of it. 
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The payohoBttrio vitw !■ quite unaati 3f aotory liort. 
Sayins thtt pnoplt difftr in their ability to uii ooHuoni 
culturally dfiCioed aolution Methods (the definition of Oc) 
hardly capturea the proceaa of repreaentation uae. 
Aeplifying the atateMent by aayins that contciit knowledge 
extends Co in apecific fielda is only a staall step 
forward, for the paychoMotrioi an is still operatine within 
the Euclidean representation of cognition. Regardins 
'applying knowledce* es a trait doua not diacriuinate 
between the poaseasion of knowledn* end the ability to aee 
that a particular piece of knowledge Is relevant to the 
problea at hand. It is fairly oasy to doconstrato that the 
two are not synonyaous. People can be given exactly the 
appropriate knowledge to uae in problea solving, but in a 
slightly different context, and be unable to apply it. 
SoMe people see connections where others do not (Gick and 
Holyoak, 1963) » but why? What processing differences are 
there between people who do and don't uako 
goneralizati ons? This is another ««xau|kle of a question 
that is central to a solenco of individual differences but 
not particularly crucial to a technology tor prediction. 

The issue being raised here is quite a brokd ono, for 
it has to do with the way in which "culturally acquired 
knowledge* is used. While soue knowledge consists or 
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ready-aade answers to questions of fact e.g. auch cultural 
knowledge coiisiata of waya of representing probleaa 30 
that their solution can be achieved. The repreaentation* 
for* skeletons that guide thought, directing one«a 
attention to key aspects of the problea at hand and 
suggesting particular solutiooa. Different theorists have 
used the teras "scheaa", "fraae", and "script* to describe 
this process. These teras all reflect what seeaa to be a 
universal charaotorl stio of huisan thought. The world Is 
often aablguous or overwhelal ngly coapllcated. People 
bring order into this chaos by assualng that the world 
satisfies the constraints iupUoit In their world view. 
Succeaaful problea solving is largely a process of trying 
out one or another constraining representation until one 
is found that works. To give a concrete exaaple, consider 
the problea solving process of expert physicists. They 
recognize specific probleas as instantiations of a 
generitlized class of probleas (e.g. balance of force 
probleas). Once recognition has been achieved problea 
solving aethods associated with the general class can then 
bb applied to solve the specific problea. Novices are 
likely to focus on aspects of a problea that is not 
relevant to the u^neral classification principles (e.g. is 
a siloing block involved?), leading to the use of general, 
but cluasy probleu solving pothods. (Chi, Glaser, and 
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Retaei 19B1; Larkln tt tl* 1980). 

The realisation that uomt probltD solvioe la achieved 
by Qonttxt specific titthods Bsrka a sajor ohhnse in 
Cognitive Soienoe. Early work on artificial intelligence 
and huaan problen aolviog placed great esphaais on the 
diacovery of general probles aolving nethods (Hunty 1975)* 
More recent studies have emphasised area apecifio 
knowledge (FeigenbauMi 19771 HayeaoRothy VaterHan, anv^ 
Lenatt 1983}* The aaae trend haa been evident in cognitive 
psychologyi where research haa shown the extreme 
importance of topic specific schemata as guidea in problem 
aolving. 

If thia trend were to be taken to its extremei 
generalized psychometrica would be, If not impossible, at 
least greatly changed. The whole idea of "intelligence** ia 
that there ia scoe mental characteristic of the individual 
that applies to many problem solving situationa. An 
emphasis on the use of schema in problem solving does not 
completely deny this notioni for soma acheoa will have 
wide applicability^ especially in educational settings. 
Arguing again by illustrationi Van Dijk and Kintsch (1983) 
have shown that understanding of a text is driven by 
achema that apecify the form of argument in different 
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types of text (atoriea, acientific reports, etc.). It is 
obviously possible to design testa to see whether or not 
people posaeaa these general schema. Such tests are likely 
to be useful predictors of ability to function in places 
where general schema are used. Educational aettings 
innediately spring to mind. Tests of general schema uae 
are not likely to be of such use in predicting performance 
in situations in which effective local schema operate. 
People appear to be able to function quite well with a 
local schema even though they sre not terribly comfortable 
with a relatedi more general problem solving procedure. 

Some recent studies of the learning and use of 
mathematics and logic provide excellent examples of this 
point. Hsthematica and logic are often thought of as the 
purest, most abstract, and aost general problem solving 
methods. At least in academic oirclosi an argument can be 
Justified solely by appealing to its logioal purity. When 
children learn mathematical problems they learn them as 
schema (Rlleyi Heller, and Greene, 1983)* Much of the 
difficulty in mathematics appears to be in translating 
from a non-mathematical statement of a problem into the 
appropriate schena (Kintsch and Greene, 1985). At a 
grander level, the abstract schema of mathematics are so 
hard to learn that the ability to do so la often 
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oon£.^d«r«d in itdtlf m baXlMirk &r Inttllistnoo* 

If aathtHitloal roaaonlng is so dirfloult, hou does 
the Modtrn world function? To take ■ apoolflo (tx^iiplt, hov 
do paoplo oaloulato the price of products In ■ 
suparvarkvt? Poopit ort quite good at doing so^ even 
though pricing lRfori>ation Is not always prosanttd In the 
aost stralchtforvard way^(Lave, Hurtaeh, and Dt La 
Ro&ha, I9BM) * The sane people are not good at solvlniS 
siaple arlthnotlo probltns, when those probleas are 
presented outside 01* the shopping context. Lave et 
al.found that shoppers Made errors on only 2% of the 
prlolnc probleas presented In an actual shopping context 
and on k}% of the probleua presented In an abatraot 
arlthMCtlcal context. This wa» true even thouch the saae 
arlthoetie operations wore used In each case. Purtheraore 
the two lusts were not reliably corrolatedt Further 
probing ahowed that the shoppers had a variety of probloa 
solving procedures that were specialized for shopping and 
that wore quite adequate for probleu aclvlne In that 
context. 

Shopolng is not the only place lihere people exhibit 
oontext-spaol f io specialization:! of a loclc that, In :iOBe 
abstract sense, tho> really do not understand* Casi and 
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Llker (1985) have reported a study slsilar to Lave*a uaing 
an oven higher order skill, statistical decision Makicg. 
Inveterate horae race bettors have to deteralne whether 
the odds offered by the track are actually a good estlMkte 
or whether or not a horse will win* (The racetrack odda 
are deternlned aololy by the aMOunt uf Money bet on each 
horse, and do not reflect an explicit analysis of the 
horse's ability vis a vis Its coapetitcra. ) Some 
Indlvlduala can "boat the odds" reliably* It is possible 
to formulate what they do as a coMpIioated atatidtlcal 
estlaatlcn prcbles* But the racetrack handlcappers wtire 
far froa bolog untutored, brilUint natheBatlcians. In 
fact, their fornal Intelligence test scores were well 
below un ^rgraduate noras. The skilled handlcappers had 
developed ooapllcated, "'acw-track specific techniques for 
handling an unusually ooaplex prcblea In decision aaking. 

Uone of thttse reaarks will be new to those faalliar 
with studies of cross cultural cognition* Sptclailsta in 
this field have lont pointed out that the H<istern euphasls 
on "Intelligence" eaphasize'i the ability to do problea 
solving in the abstract* The vury Idea of abstract probloa 
solving seoQs to bo related to Western European schooling 
(Colo and Scrlbnor, 197^)* While thi:5 say be true In «n 
abstract aeiise, it does beg a very laportant point. The 
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Utstern Europtan schooUns situation, with Its •■phials on 
^ abstraot problaa aolvlng, aay Indttd bt a cultural 
phtnoatnon. Uoutvtr, It la an Important, useful 
phtnononon. toglo, aathoaatlos, and ssns<i*s^ problte 
solvlns Methods do Indeed provide an Ittportant part of our 
society, even If they are then specialised as people find 
their niche In sooloty. Therefore Identifying paople who 
are likely to be able to learn to use these Hathods Is a 
reasonable endeavor. 

This Is where the concepts of Go and, to n lesser 
extent. Of, are likely to be uaeful. Let us accept the 
fact that hl£h scores on Go testa Identify those people 
who have acquired the problem aolvlng schOHata of our 
aoclety. Those ara the very soheHata that are solng to be 
used In the classroons, to aid people In acqulrlnc further 
decontoxtuallzed knowledge. Perhaps we could deaXgn better 
tests If we had a better Idea of how the educational 
process proceeds, because we would then know what sohensta 
are going to be required, when, and (perhaps) how they 
should be learned. Purthornore, at least In theory 
Uastern schooling Is supposed to develop on ability to 
generalize; I.e. to see how problen solving schanats 
learned In one sotting osn be epplled In another. It nay 
be that tests of Gf identify peoKVlr who can uake such 
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generalisations. If we had a better understanding of if 
process of schonata generalization we would know what It 
Is that these people are doing, and then could develop 
better tests for their Identification. 

THE UHZON OF THE CAHPS 

Chrcnbach (1957) sought a uniting of tvo oaaps of 
acientlf io psychology; the study of Individual 
differences and the study of noaothetlc Influences on 
cognition* The prospects for uniting theae caMps Is 
excellent. However, the study of Individual differences Is 
not Identical to the use of a Euclidean representation of 
■ental abilities. The prospects for uniting psychoaetrlcs 
and cognitive psychology are mixed, and for perfectly good 
reaaons. 

The paper and pencil testing technology and Its 
accoapanylng Eucllde^in representation are hard to best, so 
long as one's criteria are cost effective evaluation, and 
the prediction Is to be to a situation that Involves very 
general behavior that depends upon decontextual Ized 
reasoning processes. Eduction and, to a lesser extent, 
Qllltary life are exaeples of auch situation. Traditional 
psychometric evaluation has not, and probably will not, be 
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• xt«nd«d sucoesafully to the prtdlotlon of ptrforii^not in 
uort spooiflo ■Ituatiooa, ubtrt adeQuacy dtponds upon the 
ability of an Individual to extoute situation spaolfloi 
soheas b^sedt and perhaps conplox inforaation prooesslne 
soQuences* Note that the problem here l9 not that the 
paper and pencil technology im Inadequate to construct 
such situations. The problem Is that the underlying; 
Euclidean representation of aontal abilities cannot be 
used to foraulate a process Model of cocnitlon* 

Enter the coaputor* Hy frequent references to "paper 
and pencil technology" nay have sounded archaic to those 
who are already prograMnlng coaputer presentations of the 
Uechsler Adult Intelligence Scale, the Arood Services 
Vocational Battery, and any nuuber of other Intelligence 
tests* Doing so ulll certainly nake testing acre 
effloiont, as ultnessed by current dovolopaonts In "iten 
banking" and latent trait theory (Green, et al 1962). 
Purthorcore, coaputer presentations are acre flexible than 
paper and pencil presentations, so the Euclidean tiodel can 
be extended to neu doaalns* Soao possibilities are 
extensions of spotial^visual testing to the situations 
involving aoving vlsuul displays (Hunt and Pellecrlno, 

ond the dovelopaent of practlof.I tests of auditory 
inforaatlon processing (Stankov and Horn, I960)* We uay 
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have to add a few dlaenaions to the Euolldeao eodel, or we 
Boy'not* Either way, the expansion of the traditional 
aodel via computerized testing will be a useful exercise* 
In itself, though, coaputerlzed testing will not address 
the conceptual Issues that have been ralaed here* There la 
every reason to believe that a theory of Individual 
differencoa can be developed as a subtheory of a general 
theory of cognitive psychology will result in better 
underatandlng of how Individual variables such as age, 
education, sex, and genetics Influence the processes of 
problea solving* To what extent will or will not this 
theory Influence the technology of testing? 

It Is now technically possible to develop autoaated 
laboratories, so that the experlaontal psychologist can 
collect data on enough Individuals to study Individual 
differences at all* In the abstract, one could conceive of 
the devclopaent of even larger laboratories devoted to 
assossBont and prediction* Such laboratories would 
inaedlately itncounter another econoalc Halt; the expense 
of the evaluation to the exaalnee. The sorts of 
aeasureaents required by cognitive process theories are 
often extrenely tlae consuaing* The equlpoont Is 
relatively couplex, so that the exaalnee aust spend 
considerable tlae learning to use It before any data can 
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bt oolleoted. This and ttveral rtlatod probloas art very 
wtU dlsou99cd In Longatrtth's (198%) exotllont critique 
of tht alausu that has bttn «adt of ohoice reaction tine 
paradlGBt In order to fit then Into an evaluation sottlne* 
A point that was nade earlier la nore than worth 
repeatlne* The nensures developed froe cocnitlve process 
theories are only valid when the boundary conditions for 
neasurenent are net. This requlrenent »ay forever prevent 
developing cognitive psychology analogs to the ten to 
twenty nlnute tests so oonnon In psychonetric batteries. 

These ronarks apply with particular force to any 
testing prograa based on the Infornation proceaslng aapect 
of cognitive science. Because sucli tests are likely to* be 
expensive, testing Itself will of necessity be United to 
those situations In which prediction Is Inportant and In 
which performance Is United by a person's Infornation 
processing capacity, once that person has acquired the 
specific knowledge .'*equlred to perforn at all. This 
suggests two guidelines for applied reaearoh. If 
Infornation processing oodels are to be useful, then the 
test constructor oust have a good Idea of how Infornation 
processing Halts perfornance In the situation to be 
predicted. Two cases can be Inagined. In one the key 
iQforoation processing requlreaents are not situation 
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specif iOf and hence nay bo tested using sone nana^cable 
testing paradlga. In the other ccse the infornation 
processing Units aay only be definable in context, and 
hence oan only be tested in the ectusl situation or an 
adequate slnulatlon of it. If this Is so it taay not be 
possible to test oxanlnees who do not already have a good 
understanding of the job for which they are applying. In 
either case the test constructor cannot proceed without a 
situational aodel. One can Inagine such a nodel for 
specific situations, such as elrcrew or radar operation. A 
detailed nodel of the Infornation processing required in 
high school Is unlikely. 

At first glance a theory of the use of 
representations night seen to be of little use in 
personnel evalustlon because, by definition, 
representations are used by people who have already 
acquired expertise in aoae field of endeavor. Ergo they 
oust have already been pernltted entry to the field. 
Fortunately this logic can be reversed. If "beconing an 
expert" neans acquiring certain problen solving scheaa, 
why not evaluate a student by deturnining the extent to 
which the expert's problen solving schena have been 
internalised? Developaents In Artificial Intelligence 
have led to at least the claln that we can represent 
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ttxpart knowladsa laaida a ooHputar ( lUyaa-Roth , Vatarnan, 
and tanat, 19S3; but aaa Drayfua, 198^ Tor queationa about 
aOB« of tho avidanoe on which tha cLaiH la baaed.) "All" 
that naeda to be dona ia to apply thu intarvl^w uathoda 
uaod to extract kr.oulodsa froo an expert to oxtract 
(faulty) knouledga froM a student. To aid taachinsi tho 
evaluation procoaa can ba Hade the baaia for further 
apacia^ized inatructlon. 

Efforts are underway to develop juat this aort of 
intellisonce conputer aided inatruotiun ayaten (J.R* 
Anduraon, 196^ ct al.). The teaching tioala appear to be in 
roach in non-trivial fields (coMputer prograBuing and 
geonetry). Whether or not the evaluation goal is feasible 
rauains to be detornincd. The present intelligence 
tutoring prograos sees to nake a ruthor general guass at 
the student*s current state of knowledge, and use that 
guess to select problaes that are ciost educational tor 
that student. Whether or not tho prograu*s gueas about tho 
studont'a representation is sufficiently accurate to be 
predictive reaain to be seen. 

COIICtUSION 

Chronbtch thought tliat general theories of 

63 



psychological procaaaas ought not to ignore individual 
diffarencea, and vice varaa. Ho uaa right, and in a 
general aenae the union of the campa is well underway. In 
ay opinion (and hora there uay be a violent difference of 
opinion!) tha uay to achieve the acif ntiric union is to 
concentrate on underatandi ng how individual diffarencea 
variables, auch aa age, aex, genetic constitution, and 
education, influence tho proceasos of cognition. It doea 
not aeen particularly fruitful to try to derive the 
diaensions of tho psychOHetric Euclidean representation of 
abilities frota an underlying process theory. 

Thia doea not Hoan that tho Euclidean aodel ia wrong, 
within the context in which it has been developed. 
Consider an analogy to what wt> know about expertise. 
Experts develop local schCMa that apply to their local 
problens. The psychonetric Euclidean Lodel Is an excellent 
way to deal with personnel prediction and claasi f lea tlon. 
But it does not (generalize well to understanding cognitive 
actions. Einstein was certainly intelligent, in the 
psychotietric sense. However ho did not develop a single 
one of his intellectual conceptualizations because ho was 
high on Qc or Gf. He developed thcts because he had 
certain sohetia for problen solving and because he had the 
inforaation processing capacity to apply these schataa. 
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Evtntually thtrt umy bt a "Grand Unlfitd Thaory" of 
P3yoholo5y» ainilar to thost now btins dtvtloptd for 
physios. But will u« undtrstand it? Thtro saans to be a 
rola for Nawtonlan naohanloa avan attar quantun 
thaory. .englnoars usa tha liHitad Kawtonian notions all 
tho tiaa. Psyohoaatrio and oofinltlva prooasa thaoriaa aay 
slallarly oo-exlat for a long tiaa. Praotloal applloatlon 
and powar of oonoaptuullsati on ara both uorthuhlla goals. 
They ara not nacasaarlly aynonyaous. 
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Footnoias 

1« The preparation of this papar was partially 
supported by the Offloa of Maval Raaaarchi Contract 
U0001^-8^-K-5553 to the University of Vaahlngton. The 
opinions nxpraasad ara the euthor*a and do not roflaot 
polloiea of the Offloe of Kaval Research or any other U«S« 
governaent acency* 

2. The tera 'payohoaetrios* will be used throughout 
this paper to rafer to the payohologloal thoorlae of 
aental ooapetence that have been developed by applying 
correlational analysis nethods to teat aoores* The 
alternative Meaning of psyohoaatrloai as a branch of 
applied aathenaticsi will not be used. 
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flfurit Ltstnda 

K Tht Buolldftiia aodtl of atntal ability. A ptraon la 
ooncaptuallstd aa a point (X) In a apaot of atntal traits 
(y)»y2iy3}« Eaoh point on tho apaot can be aappad Into an 
aootptanoe or reJaotloQ Inttrval on a ont->dlHtnaional 
orltarlon varlablt. 

2» An abstraotlon of tho two dlHtnalonal apact of Htntal 
testa developed by Harshalek, Snow, and Lohaan (1983). 
Testa were located by a MultldlueoaloQal aoallnu In whioli 
the dlatanoe between teata In the apaoa la roughly 
proportional to the correlation between tham; the higher 
the correlation the leaa the dlatanoe between teat polnta. 
SoBO of the teats ahown In thla figure are 1-XaVen 
Hatrlcea, 2-.Letter Serlea, 3'»Hldden Pfgurea, ^-Paper Form 
Board, 5-ObJeot Assesbly, 6-.Vooabulary , 7-Inf oraatlon, 
8-CoBprehenalon of verbal atateaonts, 9*-Arl thaetlc probloH 
aolvlng, lO-Dlglt span, and lULccatln^ A*a in a line of 
text. 

3. The Sentence Verification paradifia. A phreae la 
displayed. When the participant Indlcatea that the phraae 
la underatcod the picture la displayed. The participant 
then dcterainea whether or not the phra:ie correctly 




deaoribed the picture. The dependent varlablea are the 
tlHea between phraaa dlaplay and ccHprehonalcn 
(ccMprehenalcu tlae) and picture dlaplay and verification 
(verlf Icatlcn tlHe). 

^. Salth*a ( 1966) atage HCdel of aticiulua olasi^Klcatlon 
and reaponae production. Each bos Is aaauMed to repreaent 
a dlatlnot pay ohclcclcal py*oceas. The proceaaes take 
place in aerlea, prc/jrrsaing froM the top dcwnvird. 

5. A Bcdular approach to ocgnltlcn. Each box repreaenta 
a claas of Hental processing, analagcua to a speolalixed 
work shop. In integrated thlnklnj; InfcrMaticn la paaaed 
back and forth between the different MCdulea, and finally 
represented aa a coherent internal picture of the external 
world. Prcoeaalng la not neceaaarlly aerial. 

6. PragHenta of a aet of production rules for driving an 
autcucbl le. 

7. Tho creaniratlcn of an Information prcceaalng ayatea 
for executing prcductiona. The tircductlcna roalde In long 
tero ueacry. Znfcraatlcn la preaented to the ayatea on 
auditory and visual channela that are connected to the 
external world. The aystea can ""keep notea for ItaelC" by 
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plaolnfi ttaporary InforMitlon in workirn M«Mory, md ualne 
this Inforaatlon to ^uldt production aeltotlon* 
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